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(57) ABSTRACT

A non-linear mterpolation circuit includes current interpola-
tion units and an I-V converter. The current interpolation units
receive an operating voltage corresponding to digital image
data and corresponding reference voltages to generate corre-
sponding operating currents. When the operating voltage
changes, at least one of the corresponding current interpola-
tion units generate the corresponding operating current, and
the operating currents with respect to the operating voltage
are superimposed to form an interpolation current. The I-V
converter converts the interpolation current 1nto an interpola-
tion voltage. An interpolation current generating circuit and a
method for converting digital data into analog data are also
disclosed herein.
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NON-LINEAR INTERPOLATION CIRCUIT,
INTERPOLATION CURRENT GENERATING
CIRCUIT THEREOF AND METHOD FOR
CONVERTING DIGITAL DATA INTO
ANALOG DATA

RELATED APPLICATIONS

This application claims priority to Taiwan Patent Applica-
tion Serial Number 98117511, filed May 26, 2009, which 1s
herein incorporated by reference.

BACKGROUND

1. Field of Invention

The present invention relates to an interpolation digital-to-
analog converter. More particularly, the present invention
relates to an iterpolation digital-to-analog converter for use
in a source driver of a liquid crystal display.

2. Description of Related Art

For a conventional liquid crystal display, voltages applied
to both sides of a liquid crystal layer fail to have a linear
relation to light transmittance of the liquid crystal layer, thus
when digital image data are converted into the voltages
applied to both sides of the liquid crystal layer, a source driver
needs to generate gamma voltages for gamma corrections of
the applied voltages, so as to reduce color distortion shown on
the liquid crystal display.

FIG. 1 illustrates a block diagram of a source driver 1n a
conventional liquid crystal display. In the source driver 100,
the shift register 110 enables the data register 120 sequen-
tially from the left or right side, and the data register 120 1s
sequentially loaded with digital image data R, G, B according
to the shift register 110 and its received clock signal CLK and
then the digital image data are transmitted to the data latch
130. Next, the level shifter 140 adjusts levels of the outputs of
the data latch 130, and the outputs of the data latch 130 are
then converted into analog voltages by the digital-to-analog
converter (DAC) 150. The analog voltages from the DAC 150
are transmitted through the buffer 160 to the liquid crystal
display (LCD) panel, so as to drive the pixel array in the LCD
panel.

FIG. 2 1llustrates a gamma curve for gamma correction in
a conventional liquid crystal display. As shown in FIG. 2, the
horizontal coordinate represents digital image gray levelsof a
single sub-pixel, and the vertical coordinate represents
gamma voltages corresponding to the digital image gray lev-
els. For each sub-pixel, the light transmittance of the liquid
crystal can be adjusted by changing the input voltages applied
to both sides of the liquid crystal layer, such that the sub-pixel
shows different illuminations. Furthermore, 1n order to pre-
vent the liquid crystal molecules from deteriorating, gamma
voltages with positive-polarity and negative-polarity can be
alternately applied too both sides of the liquid crystal layer so
as to protect the liquid crystal molecules.

However, in the foregoing conventional DAC 150, the
required gamma voltages are usually obtained by employing,
resistor strings for generating dividing voltages, and this
manner usually requires large areas to be designed and thus
cannot effectively reduce the size of the circuit.

SUMMARY

In accordance with one embodiment of the present mnven-
tion, an interpolation current generating circuit 1s provided.
The nterpolation current generating circuit includes a first
current interpolating unit and a second current interpolating
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2

unmit. The first current interpolating unit 1s configured for
receiving a lirst reference voltage and an operating voltage

corresponding to digital image data to generate a first oper-
ating current. The second current interpolating unit 1s coupled
in parallel to the first current interpolating unit and configured
for recerving the operating voltage and a second reference
voltage to generate a second operating current, and the second
reference voltage 1s larger than the first reference voltage.
When the operating voltage starts to increase, the first current
interpolating unit generates the first operating current corre-
sponding to the operating voltage to be an interpolation cur-
rent, and when the operating voltage 1s larger than the first
reference voltage and continues increasing to a preset value,
the second current interpolating unit generates the second
operating current corresponding to the operating voltage and
the second operating current 1s superimposed on the first
operating current to be the interpolation current.

In accordance with another embodiment of the present
invention, a non-linear interpolation circuit 1s provided. The
non-linear interpolation circuit includes a plurality of current
interpolating units and a current-to-voltage converting unait.
The current interpolating units are configured for receiving an
operating voltage corresponding to digital image data and a
plurality of corresponding reference voltages to generate a
plurality of corresponding operating currents wherein at least
one of the current 1nterpolating units generates at least one
corresponding operating current of the operating currents
when the operating voltage changes, and the operating cur-
rents generated based on the operating voltage are superim-
posed to be an interpolation current. The current-to-voltage
converting unit 1s configured for converting the interpolation
current into an interpolation voltage.

In accordance with yet another embodiment of the present
invention, a method for converting digital data into analog
data 1s provided. The method includes the steps of: receiving
an operating voltage corresponding to digital image data;
comparing the operating voltage with a plurality of reference
voltages respectively; generating one or more operating cur-
rents corresponding to the comparisons of the operating volt-
age and the reference voltages; superimposing the operating
currents to be an interpolation current; and converting the
interpolation current into an interpolation voltage.

It 1s to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
tollowing detailed description of the embodiments, with ret-
erence to the accompanying drawings as follows:

FIG. 1 illustrates a block diagram of a source driver in a
conventional liquid crystal display;

FIG. 2 illustrates a gamma curve for gamma correction 1n
a conventional liquid crystal display;

FIG. 3 illustrates an interpolation digital-to-analog con-
verter (DAC) according to one embodiment of the present
invention;

FIG. 4 illustrates a gamma curve for gamma correction
according to one embodiment of the present invention;

FIG. 5 illustrates the non-linear interpolation circuit as
shown 1n FIG. 3 according to one embodiment of the present
invention;

FIG. 6 illustrates the non-linear interpolation circuit as
shown 1 FIG. 3 according to another embodiment of the
present invention; and
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FIG. 7 1llustrates the mterpolation current generating cir-
cuit as shown 1n FIG. 5 or FIG. 6 according to one embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following detailed description, the embodiments of
the present invention have been shown and described. As will
be realized, the invention is capable of modification 1n various
respects, all without departing from the invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative 1in nature, and not restrictive.

FIG. 3 illustrates an interpolation digital-to-analog con-
verter (DAC) according to one embodiment of the present
invention. The interpolation DAC 300 1s configured for con-
verting digital image data Din (e.g. digital image gray level)
into a voltage signal Vout as a gamma voltage for gamma
correction. The interpolation DAC 300 includes a digital-to-
analog converting unit 310 and a non-linear interpolation
circuit 320, 1n which the digital-to-analog converting unmit 310
1s configured for converting the digital image data Din into an
operating voltage Va, and the non-linear interpolation circuit
320 1s configured for converting the operating voltage Va into
an interpolation voltage outputted to be the gamma correction
voltage Vout.

The digital-to-analog converting unit 310 can be a cyclic
digital-to-analog converting unit for periodically receiving
one by one a number of bits represented by the digital image
data Din and converting the digital image data Din into the
corresponding operating voltage Va. For example, the digital-
to-analog converting unit 310 starts to process the bits one by
one from a least significant bit (LSB) of the digital image data
Din, and then converts them 1nto the operating voltage Va.
Furthermore, the digital-to-analog converting unit 310 also
can be a parallel digital-to-analog converting unit for simul-
taneously processing a number of bits represented by the
digital image data Din and converting the digital image data
Din into the corresponding operating voltage Va.

The non-linear interpolation circuit 320 correspondingly
and piecewise generates the interpolation voltages to be the
gamma correction voltage Vout according to the operating
voltage Va from the digital-to-analog converting unit 310,
such that the gamma correction voltage Vout corresponds to
the digital image data Din and 1s shown 1n the gamma curve in
a segmented and linear manner.

FIG. 4 1illustrates a gamma curve for gamma correction
according to one embodiment of the present invention. Spe-
cifically, the interpolation DAC 300 performs segmented and
linear digital-to-analog conversion for the digital image data,
such that the gamma curve 1s separated 1into several segments
(in the present embodiment both upper half and lower half
respectively have 6 segments) and performs non-linear
changes, and the alorementioned segments similarly match
the conventional linear gamma curve; the gamma correction
voltages 1n each segment, however, perform linear changes
according to different digital image data. In addition, the
gamma correction voltages further can be positive-polarity

gamma correction voltages (e.g. Vr8, Vi9, Vrl0, . . ., etc.)
relative to a common voltage Vcom, or negative-polarity
gamma correction voltages (e.g. Vr7, Vré, Vr5, . . ., etc.)

relative to the common voltage Vcom.

Referring to FIG. 3 again, when the digital-to-analog con-
verting unit 310 1s a cyclic digital-to-analog converting unait,
due to the digital-to-analog converting unit 310 periodically
receiving one by one a number of bits and converting the bits
into the corresponding operating voltage Va for the non-linear
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4

interpolation circuit 320, the mterpolation DAC 300 can fur-
ther include a sample-and-hold (S/H) circuit 510 (as shown in
FIG. §) for collecting the interpolation voltages from the
non-linear interpolation circuit 320 after the digital-to-analog
converting unit 310 completely converts the bits of the digital
image data Din into the operating voltage Va and the operat-
ing voltage Va 1s processed by the non-linear interpolation
circuit 320, to correspondingly output the gamma correction
voltage Vout. At the moment, the non-linear interpolation
circuit 320 can be temporarily deactivated and re-activated
until the digital-to-analog converting unit 310 completely
converts the bits of the next digital image data Din. As a result,
the power dissipation of the non-linear interpolation circuit
320 can be effectively saved. For example, 1f the digital image
data Din are referred to the pixel gray level, the non-linear
interpolation circuit 320 probably needs only “1/(pixel gray
level)” times the originally necessary power.

FIG. 5 illustrates the non-linear interpolation circuit as
shown 1n FIG. 3 according to one embodiment of the present
invention. The non-linear interpolation circuit 3204 1includes
an 1nterpolation current generating circuit 320 and a current-
to-voltage (I-V) converting unit 530q, in which the mterpo-
lation current generating circuit 520 1s configured for gener-
ating an interpolation current I ,, corresponding to the digital
image data Din, and the current-to-voltage converting unit
530a 1s configured for converting the interpolation current I ,,
into the interpolation voltage V__,. In one embodiment, the
interpolation DAC 300 includes no S/H circuit 510, and the
interpolation voltage V,__, 1s directly outputted to be the
gamma correction voltage Vout. In addition, 1n present
embodiment, the non-linear interpolation circuit 320q further
can include current mirror units 542 and 544 and the interpo-
lation current I, from the interpolation current generating
circuit 520 further becomes the current I, outputted from the
current-to-voltage converting unit 530q after mirrored by the
current mirror units 542 and 544, such that the current-to-
voltage converting unit 530a generates the mterpolation volt-
age V. _paccording to the current I ;.

The current-to-voltage converting unit 530a includes a
voltage-drop unit (e.g. resistor R) and an operational ampli-
fier 532a. The operational amplifier 5324 has a positive input
for receiving a positive-polarity reterence voltage V, o,
which can be preset to be the voltage Vr8 as shown in FIG. 4.
The resistor R 1s coupled between a negative mput and an
output of the operational amplifier 532a. When the current
I 18 generated, the interpolation voltage V18 correspond-
ingly generated at the output of the operational amplifier 532qa
according to the current I ,, flowing through the resistor R and
equivalent to the interpolation current 1, (1.e. V_ 7~V o/ +
[55*R), n which the interpolation voltage V, _» 1s the posi-
tive-polarity interpolation voltage relative to the common
voltage Vcom and also can be directly used as the positive-
polarity gamma correction voltage relative to the common
voltage Vcom without the S/H circuit 510.

FIG. 6 illustrates the non-linear interpolation circuit as
shown 1n FIG. 3 according to another embodiment of the
present invention. Compared to FIG. 5, the non-linear inter-
polation circuit 3205 1n the present embodiment includes the
current mirror unit 542 but not the current mirror unit 544, and
the mterpolation current I, from the iterpolation current
generating circuit 520 becomes the current I ,, inputted 1nto
the current-to-voltage converting unit 5305 after mirrored by
the current mirror unit 542, such that the current-to-voltage
converting unit 3305 generates the interpolation voltage V.,
according to the current I .

Moreover, the current-to-voltage converting umit 5305
similarly includes a voltage-drop unit (e.g. resistor R) and an
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operational amplifier 5325. The operational amplifier 5325
has a positive input for recerving a negative-polarity reference
voltage V, .y which can be preset to be the voltage Vr7 as
shown 1n FIG. 4. The resistor R 1s coupled between a negative
input and an output of the operational amplifier 53256. When
the current 15, 1s generated, the interpolation voltage V 5,18
correspondingly generated at the output of the operational
amplifier 3325 according to the current I, tlowing through
the resistor R and equivalent to the interpolation current I,
(1.e. Vooa= VYV, oove—10,*R), In which the interpolation voltage

V. 18 the negative-polarity interpolation voltage relative to

the common voltage Vcom and also can be directly used as
the negative-polarity gamma correction voltage relative to the
common voltage Vcom without the S/H circuit 510.

FIG. 7 1llustrates the iterpolation current generating cir-
cuit as shown 1n FIG. 5 or FIG. 6 according to one embodi-
ment of the present invention. The interpolation current gen-
erating circuit 520 includes a plurality of current interpolating
units (1.e. current interpolating umts 710a, 7105, 710c, . . .,
etc.), in which the current interpolating units 710a, 7105,
710c, . . ., etc. are configured for recerving the operating
voltage Va and corresponding reference voltages (1.e. refer-
ence voltages V1,V2, V3, ..., etc.)to generate corresponding
operating currents (1.e. operating currents I 5, ,, I 5515 Ios1s - -
., etc.). When the operating voltage Va changes, correspond-
ing current interpolating units of the current interpolating
units 710a, 7105, 710c, . . . , etc. generate corresponding
operating currents of the operating currents 15, ,, 15,1, 1531, -
. ., etc., and the operating currents 1 ,,,, I 551, 535 - - . 5 €1C.
generated based on the operating voltage Va are superim-
posed to be the imterpolation current I,,. For convenient
description, only three current interpolating units 710a, 71056
and 710c¢ are used as an example as follows. However, several
current interpolating units can be designed 1n the interpola-
tion current generating circuit 320 1n practice by persons
skilled in the art.

As shown 1n FIG. 7, each of the current interpolating units
710a, 7105 and 710c¢ 1includes at least one tail current source,
a differential pair circuit, a first operational amplifier and a
second operational amplifier. The current interpolating units
710a 1ncludes two tail current sources I, ,, a differential pair
circuit 720a, a first operational amplifier 732 and a second
operational amplifier 734. The differential pair circuit 720a 1s
coupled to the tail current sources I, and has two differential
inputs. The output of the first operational amplifier 732 1s
coupled to one of the differential inputs, the positive input of
the first operational amplifier 732 1s configured for recerving,
the operating voltage Va, and the negative mput of the first
operational amplifier 732 1s coupled to the tail current source
I,, and the differential pair circuit 720a. The output of the
second operational amplifier 734 1s coupled to the other of the
differential iputs, the positive mput of the second opera-
tional amplifier 734 1s configured for recerving the reference
voltage V1, and the negative input of the second operational
amplifier 734 1s coupled to the tail current source I, , and the
differential pair circuit 720a. The architectures 1n the current
interpolating units 71056 and 710c¢ are similar to that in the
current interpolating unit 710a. Compared to the current
interpolating unit 710q, the current interpolating unit 71056
includes tail current sources I,, and receives the reference
voltage V2, and the current interpolating unit 710¢ includes
tail current sources I, , and receives the reference voltage V3.
In the present embodiment, the tail current sources1,,,1,,and
I, , are different from one another, the reference voltages V1,
V2 and V3 are also different from one another, and

V1<V2<V3.
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In addition, each of the differential pair circuits 720a, 7205
and 720c respectively 1n the current interpolating units 710a,
7105 and 710¢ can 1include two transistors and a resistor, and
the differential pair circuits 720a, 7205 and 720¢ are coupled
in parallel with one another. For the differential pair circuit
720a 1n the current interpolating umt 710q, 1t can include
transistors M1 and M2 and aresistor R ., in which the resistor
R ., 1s coupled between sources of the transistors M1 and M2,
gates of the transistors M1 and M2 are respectively coupled to
the outputs of the first operational amplifier 732 and the
second operational amplifier 734, the sources of the transis-
tors M1 and M2 are respectively coupled to the negative
inputs of the first operational amplifier 732 and the second
operational amplifier 734 and the tail current sources I,,,, and
drains of the transistors M1 and M2 are respectively coupled
in parallel to drains of the transistors 1n the differential pair
circuits 7205 and 720c. As a result, the drain voltages the
transistors M1 and M2 can separately change with the oper-
ating voltage Va and the reference voltage V1 according to the
operations of the first operational amplifier 732 and the sec-
ond operational amplifier 734.

The architectures 1n the differential pair circuits 7206 and
720¢ are similar to that in the differential pair circuit 720aq.
Compared to the differential pair circuit 720q, the differential
pair circuits 7206 and 720c¢ include a resistor R ., and a resis-
tor R, respectively, and the resistors R, R, and R, are
different in the present embodiment.

In operation, the current interpolating units 710a, 7105 and
710¢ generate corresponding operating currents 1,,;, 15,
and I ,,, according to the relativity of the operating voltage Va
to the corresponding reference voltages V1, V2 and V3. In
other words, when the operating voltage Va increases, the
current interpolating units 710a, 7106 and 710¢ sequentially
generate the operating currents 1,,,, I,,, and I,5,, respec-
tively, and each of the operating currents I ,, ,, 1 ,,, and 1,5,
has an approximately linear relation to the operating voltage
Va.

Furthermore, under the situation that the reference voltages
V1,V2and V3 are all different, when the operating voltage Va
increases to be larger than at least one of the reference volt-
ages V1, V2 and V3, at least one of the corresponding current
interpolating units 710a, 7105 and 710¢ generates the oper-
ating current having a determined value. For example, when
the operating voltage Va increases to a preset value larger or
far larger than the reference voltage V1, the operating current
I, generated by the current interpolating unit 710a can have
a determined value.

Specifically, under the situation of V1<V2<V3, when the
operating voltage Va 1s far smaller than V1, the current inter-
polating units 710a, 7105 and 710c generate no operating
current. When the operating voltage Va increases with the
change of the digital image data, the operating current I, 1s
correspondingly generated and has an approximately linear
relation to the operating voltage Va. At the moment, 1t the
operating voltage Va increases to be approximately equal to
V1, the operating current I, , 1s approximately equal to I, ,.
When the operating voltage Va continues increasing to a
preset value far larger than V1 and far smaller than V2, the
operating current I ,,, 1s approximately equal to 21, ,, and the
operating current I ,, , has a determined value at the moment.
The 1nterpolation current I, 1s approximately equal to the
operating current I1,,, at the moment.

After that, when the operating voltage Va continues
increasing with the change of the digital image data, the
operating current I ,,, 1s correspondingly generated and has
another approximately linear relation to the operating voltage
Va. At the moment, 1 the operating voltage Va increases to be
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approximately equal to V2, the operating current I,,, 1s
approximately equal to I,,. When the operating voltage Va
continues icreasing to another preset value far larger than V2
and far smaller than V3, the operating current I ,,, 15 approxi-
mately equal to 21, ,, and the operating current I1,,, has a 5
determined value at the moment. The interpolation current
[, 1s approximately equal to the total value of the operating
current I ., superimposed on the operating current I, ; at the
moment.

Similarly, when the operating voltage Va continues 10
increasing, the operating current I, 1s correspondingly gen-
erated and has yet another approximately linear relation to the
operating voltage Va. At the moment, 11 the operating voltage
Va increases to be approximately equal to V3, the operating,
current 1,5, 1s approximately equal to I, ;. When the operating 15
voltage Va continues increasing to yet another preset value far
larger than V3, the operating current 1,5, 1s approximately
equal to 21, 5, and the operating current I 5, has a determined
value at the moment. The interpolation current I, 1s approxi-
mately equal to the total value of the superimposition of the 20
operating currents I,,,, I ,,, and I ,,, at the moment. As a
result, the interpolation current 1,, can be correspondingly
generated according to different digital image data, and the
generated interpolation current I ,, can be thus converted into
the corresponding voltage as the gamma correction voltage, 25
as shown in FIG. 4, without using large areas of resistor
strings any more to generate different dividing voltages, as
shown 1n prior arts.

A method for convening digital data into analog data 1s also
provided. The method includes the steps of: recerving an 30
operating voltage corresponding to digital image data, com-
paring the operating voltage with a plurality of reference
voltages respectively; generating one or more operating cur-
rents corresponding to the comparisons of the operating volt-
age and the reference voltages; superimposing the operating 35
currents to be an interpolation current; and convening the
interpolation current into an interpolation voltage.

For the foregoing embodiments, the interpolation DAC can
be employedtonot only reduce the size of circuit in the source
driver, but also flexibly modily the required gamma correc- 40
tion voltages in practice such that the source driver can pro-
cess digital image data with higher resolution.

As 1s understood by a person skilled in the art, the forego-
ing embodiments of the present invention are illustrative of
the present invention rather than limiting of the present inven- 45
tion. It 1s intended to cover various modifications and similar
arrangements 1cluded within the spirit and scope of the
appended claims, the scope of which should be accorded the
broadest interpretation so as to encompass all such modifica-
tions and similar structures. 50

What is claimed 1s:

1. An mterpolation current generating circuit, comprising:

a first current interpolating unit for receiving a first refer-
ence voltage and an operating voltage corresponding to
digital 1image data to generate a first operating current; 55
and

a second current interpolating unit coupled 1n parallel to
the first current interpolating umt and configured for
receiving the operating voltage and a second reference
voltage to generate a second operating current, the sec- 60
ond reference voltage being larger than the first refer-
ence voltage;

wherein when the operating voltage starts to increase, the
first current interpolating unit generates the first operat-
ing current corresponding to the operating voltage to be 65
an interpolation current, and when the operating voltage
1s larger than the first reference voltage and continues

8

increasing to a preset value, the second current interpo-
lating unit generates the second operating current corre-
sponding to the operating voltage and the second oper-
ating current 1s superimposed on the first operating
current to be the interpolation current.

2. Theinterpolation current generating circuit as claimed in
claim 1, wherein the first current interpolating unit comprises:

at least one first tail current source;

a first differential pair unit coupled to the first tail current

source and having two first differential inputs;

a first operational amplifier having a first output coupled to
one of the first differential inputs, a first positive input
for recerving the operating voltage, and a first negative
input coupled to the first tail current source and the first
differential pair unit; and

a second operational amplifier having a second output
coupled to the other of the first differential mputs, a
second positive mput for recewving the first reference
voltage, and a second negative input coupled to the first
tail current source and the first differential pair unait.

3. Theinterpolation current generating circuit as claimed in
claim 2, wherein the second current interpolating unit com-
Prises:

at least one second tail current source;

a second differential pair unit coupled 1n parallel to the first
differential pair unit and coupled to the second tail cur-
rent source and having two second differential inputs;

a third operational amplifier having a third output coupled
to one of the second differential inputs, a third positive
input for recerving the operating voltage, and a third
negative mput coupled to the second tail current source
and the second differential pair unit; and

a fourth operational amplifier having a fourth output
coupled to the other of the second differential inputs, a
fourth positive input for recerving the second reference
voltage, and a fourth negative iput coupled to the sec-
ond tail current source and the second differential pair
unit.

4. The interpolation current generating circuit as claimed in
claim 3, wherein the first differential pair unit generates the
first operating current according to relativity of the operating
voltage to the first reference voltage.

5. The interpolation current generating circuit as claimed in
claim 4, wherein the second differential pair unit generates
the second operating current according to relativity of the
operating voltage to the second reference voltage.

6. The interpolation current generating circuit as claimed in
claam 1, wherein when the first current interpolating unit
generates the first operating current, the first operating current
has an approximately linear relation to the operating voltage.

7. The interpolation current generating circuit as claimed in
claim 6, wherein when the second current interpolating unit
generates the second operating current, the first operating
current has a determined value and the second operating
current has another linear relation to the operating voltage.

8. A non-linear interpolation circuit, comprising;

a plurality of current interpolating units for recerving an
operating voltage corresponding to digital image data
and a plurality of corresponding reference voltages to
generate a plurality of corresponding operating currents,
wherein at least one of the current interpolating units
generates at least one corresponding operating current of
the operating currents when the operating voltage
changes, and the operating currents generated based on
the operating voltage are superimposed to be an inter-
polation current; and
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a current-to-voltage converting unit for converting the
interpolation current imnto an interpolation voltage.

9. The non-linear 1nterpolation circuit as claimed 1n claim

8, wherein the current interpolating units generate the corre-
sponding operating currents according to relativity of the
operating voltage to the corresponding reference voltages.

10. The non-linear interpolation circuit as claimed 1n claim

8, wherein the current interpolating units sequentially and
respectively generate the operating currents having approxi-
mately linear relations to the operating voltage when the
operating voltage increases.

11. The non-linear interpolation circuit as claimed 1n claim

8, wherein the reference voltages are different from one
another, and one of the current interpolating units generates
the operating current approximately having a determined
value when the operating voltage increases to be larger than
corresponding one of the reference voltages.

12. The non-linear imnterpolation circuit as claimed 1n claim

8, wherein each of the current interpolating unit comprises:
at least one tail current source;

a differential pair umit coupled to the tail current source and
having two differential inputs;

a first operational amplifier having a first output coupled to
one of the differential inputs, a first positive input for
receiving the operating voltage, and a first negative input
coupled to the tail current source and the differential pair
unit; and

a second operational amplifier having a second output
coupled to the other of the differential inputs, a second
positive mput for recerving one of the corresponding
reference voltages, and a second negative mnput coupled
to the tail current source and the differential pair unit.

13. The non-linear interpolation circuit as claimed 1n claim

8, wherein the current-to-voltage converting unit 1s config-
ured for converting the interpolation current into a positive-
polarity mterpolation voltage relative to a common voltage.

14. The non-linear interpolation circuit as claimed 1n claim

13, wherein the current-to-voltage converting umt further
COmMprises:

a voltage-drop unit; and

an operational amplifier, a positive input of the operational
amplifier being configured for receiving a positive-po-
larity reference voltage, the voltage-drop unit being

coupled between a negative mput of the operational
amplifier and an output of the operational amplifier;
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wherein the positive-polarity interpolation voltage 1s gen-
crated at the output of the operational amplifier accord-
ing to the interpolation current flowing through the volt-
age-drop unit.
15. The non-linear interpolation circuit as claimed in claim
8, wherein the current-to-voltage converting unit 1s config-
ured for converting the interpolation current into a negative-
polarity interpolation voltage relative to a common voltage.
16. The non-linear interpolation circuit as claimed 1in claim
15, wherein the current-to-voltage converting unit further
COmprises:
a voltage-drop unit; and
an operational amplifier, a positive input of the operational
amplifier being configured for recerving a negative-po-
larity reference voltage, the voltage-drop unit being
coupled between a negative mput of the operational
amplifier and an output of the operational amplifier;
wherein the positive-polarity iterpolation voltage 1s gen-
crated at the output of the operational amplifier accord-
ing to the interpolation current flowing through the volt-

age-drop unit.

17. A method for converting digital data into analog data,
comprising;

receving an operating voltage corresponding to digital

image data;

comparing the operating voltage with a plurality of refer-

ence voltages respectively;

generating one or more operating currents corresponding,

to the comparisons of the operating voltage and the
reference voltages;

superimposing the operating currents to be an interpolation

current; and

converting the interpolation current 1nto an interpolation

voltage.

18. The method as claimed in claim 17, wherein the oper-
ating currents have linear relations to the operating voltage
when the operating voltage increases.

19. The method as claimed in claim 17, wherein the refer-
ence voltages are different from one another, and one of the
operating currents has a determined value when the operating
voltage increases to be larger than corresponding one of the
reference voltages.

20. The method as claimed 1n claim 17, wherein the inter-
polation voltage 1s a positive-polarity interpolation voltage or
anegative-polarity interpolation voltage relative to a common
voltage.
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